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Title of the Invention: LICK'ID CRYSTAL DISPLAY PANPL 
Scope of Claims 

1. A liquid crystal display panel of a switching element built-in type, characterized by comprising: a plurality 
of row electrodes and column electrodes provided on a surface of a pane) substrate so as to be orthogonal to 
each other; switching elements provided in a matrix so as to correspond to respective crossing points of the 
row electrodes and the column electrodes; display electrodes to which a driving voltage is applied via the 
switching elements; and liquid crystal display elements driven with a voltage applied across the display 
electrodes and reference electrodes, interposed between a pair of panel substrates, wherein the display 
electrodes and the reference electrodes are both provided on a surface of one of the pair of panel substrates 
as comb-shaped electrodes interlocked with each other, and the liquid crystal display elements are driven 
with an electric field having a component parallel to the surface of the panel substrates. 

2. A liquid crystal display panel according to claim 1, characterized in that one of the row electrode and the 
column electrode functions as the reference electrode. 

Detailed Description of the Invention 

The present invention relates to an improvement of a liquid crystal display panel with built-in 
switching elements, in which switching elements are provided on the panel. More specifically, the present 
invention relates to a substantial improvement of power consumption, a switching speed, and productivity by 
devising a method for applying a voltage to liquid crystal. 
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I if ili Wl crystal display panels have characteristics such as a low power and a low voltage, which 
cannot be achieved in other display apparatuses. Because of this, they have been widely used, mainly in 
portable equipment such as a calculator and a watch. However, since display characteristics do not have 
steep threshold characteristics with respect to a voltage, liquid crystal display panels are not suitable for 
high-division multiplex driving. In order to realize high-division multiplex driv ing, a method for arranging 
switching elements on a display element basis (switching element built-in method) has been proposed (see 
B.J.Leehner et ah, Proc. IFFF. vol. 59, Nov. 1971, pp. 1566-1579). The switching element built-in method 
is an excellent method in which, in principle, crosstalk does not occur even in any high-division multiplex 
driving. 

However, there are actually some problems, so that the above-mentioned method has not been put 
into practical use, utilizing original excellent characteristics. Examples of the problems of a liquid crystal 
panel using the conventional switching built-in method include power consumption, interconnection, and 
productivity. According to the present invention, a direction in which a voltage is applied to liquid crystal is 
changed from a direction vertical to a panel flat surface as in the prior art to a direction containing a 
component in a parallel direction, whereby detrimental parasitic capacitance is reduced to solve the 
convent ional problems. 

Prior to the description of the present invention, a liquid crystal display panel using a conventional 
switching built-in method will be described. FIG. 1 illustrates a liquid crystal panel. Reference numerals 1 
and 2 denote substrates, and 3 denotes a liquid crystal layer. A reference electrode Z is formed on the first 
substrate I, and a layer 5 including row electrodes, column electrodes, switching elements, display electrodes, 
and the like is formed on the second substrate 2. FIG. 2 shows an equivalent circuit in a display portion. 
X(X,~X n ) represent column electrodes, and Y(Y,-Y ra ) represent row electrodes. Switching elements S arc 
disposed at regions corresponding to crossing points between the row electrodes and the column electrodes. 
Fiach liquid crystal display clement LC is connected to the switching element S and the display electrode A, 
and the other end of the liquid crystal display element LC is connected to the reference electrode Z. 

FIG. 4 shows an exemplary arrangement of each clement on one substrate 2 in one unit element 
corresponding the crossing point between the row electrode \' j and the column electrode X,. A region 
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surrounded by the row electrodes Y j( Y,., and the column electrodes X , X corresponds to one unit element, 
and a Pitching element S is connected to the row electrode Y Jf the column electrode X , and a display 
electrode A . Over the entire surface of the other substrate, the reference electrode Z is formed, and a 
liquid crystal layer corresponding to a shaded portion in FIG. 4 interposed between the display electrode \ i 
and the reference electrode Z constitutes a liquid crystal display element LC,.. 

FIG. 3 is a block diagram showing an entire liquid crystal apparatus including a display panel. 
Reference numeral 6 denotes a row electrode driving circuit for supplying a line-sequential scanning signal to 
the row electrodes Y, to Y..,, 7 denotes a column electrode driving circuit for applying a display signal to the 
row electrodes X, to X„ based on display information input through a display information processing circuit 8, 
and 9 denotes a clock circuit for supplying various clock signals to each circuit. The row electrodes Y, to 
Y , are sequentially selected by a scanning signal. Switching elements connected to the selected row 
electrode are brought into conduction, and at this time, a display signal is written in a liquid crystal display- 
element via the display electrode A. While another row is selected, the switching elements are brought out 
of conduction, and a written voltage is held. In this manner, according to the switching element built-in 
method, display without any crosstalk can be conducted. 

One of the serious drawbacks in the above-mentioned conventional example is parasitic capacitance 
caused by a conventional display panel structure. 

FIG. 5 is a cross-sectional view of a conventional display panel. In the conventional example, the 
reference electrode Z is formed on one substrate 1, and a voltage is applied to the liquid crystal element LC 
in a region interposed between the reference electrode Z and the display electrode A. The problem of this 
panel lies in that the row electrodes Y and the column electrodes X connected to the switching elements S, 
for supplying a scanning signal and a display signal, respectively, are necessarily opposed to the reference 
electrode Z, which causes parasitic capacitance C^ y , C\ >: . In a liquid crystal display panel using no switching 
elements, it is possible to arrange electrodes on both substrates so as not to be opposed to each other 
except tor regions of liquid crystal display elements. However, according to the switching element built-in 
method, row electrodes and column electrodes are arranged on one substrate in a grid shape, and a reference 
electrode is formed over the entire surface of the other substrate. Therefore, parasitic capacitance such as 
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( Vand C, cannot be avoided. 

Parasitic cjpacitancc C N and C\ ; has a serious effect on power consumption. As power 
consumption on a display panel, first, energy for driving liquid crystal display elements is required. In the 
case of a field-effect liquid crystal display, each display element LC is electrically approximated to 
capacitance C\. Thus, energy for charging -''discharging C, corresponds to power consumption required 
for display However, power consumption for driving a conventional display panel increases to tens to 
hundreds of times of"\V lj4 ... This is caused by parasitic capacitance C x? and C >} . Were, it is assumed that 
each width of a row electrode and a column electrode is w, each number of row electrodes and column 
electrodes is n, an area of a display portion is W x VV, a liquid crystal layer thickness is d, and a dielectric 
constant of liquid crystal is t . The capacitance C,,. of each liquid crystal display clement becomes about 
t (VV 'n - w)-/d. The parasitic capacitance C x/ and C^ y per column electrode and row electrode becomes 
about t VV-w/d. In order to charge/ discharge C r , the parasitic capacitance C v/ of column electrodes 
needs to be charged discharged. C X7 /C,.= W*w/(W/n w)~ becomes about 156, for example, when assuming 
that W-50 mm, n=500, and w=20 p. m, and it becomes about 62 even when an electrode width w is assumed 
to be 10 ii m. liven at this dimension, the power consumed by C K7 becomes 156 or 62 times that assumed 
by C| ( . The influence on the row electrodes Y, to Y n by the parasitic capacitance C t/ is not so serious as 
C v ,. This because the number of switching of a scanning signal applied to the row electrodes is small, so 
that the number of charge/discharge thereof is also small. However, in the case where the row electrodes 
Y, to Y m are connected to the gates of the switching elements, and the switching element is made of a thin 
film element using Cdse or a~Si, a gate voltage is much higher than a display signal voltage, so that the 
influence of ccQ Ky and \ ; \ on power consumption is not negligible. As described above, the power 
consumed by parasitic capacitance C <y and becomes tens to hundreds of times that actually required for 
display. 

The parasitic capacitance C s7 and C v/ largely influences a response speed required by a peripheral 
circuit. In the case of charging, discharging capacitance C via a switching element, as a charge, discharge 
time T, around a reciprocal (R,, n C)" 1 of a product of the ()\-resistanee R ni of the switching element and the 
capacitance C is required. As described above, C\ / /C,.= 100; therefore, in order to drive the device for the 
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same charge., discharge time, R on needs to be about 1 '100 compared with the case 4 where there is no parasitic 

capacitance (\ . In the case of forming a peripheral circuit using an LSI circuit, in order to prescribe R. ir to , 

be 1 '100, a transistor having an area that is about 100 times larger is required. There arises a problem in 

terms of a circuit area or power consumption. 

On the other hand, according to the switching element built-in method, in most cases, there are 
hundreds of row electrodes and column electrodes. In this case, in order to alleviate difficulty in 
interconnection between the display panel and the peripheral circuit, a part of the peripheral circuit is formed 
on the display panel so as to decrease the number of interconnections. In such a peripheral circuit, a 
method is used for dividing the column electrodes by inputting a display signal supplied to a plurality of 
column electrodes through one interconnection, followed by conducting serial/ parallel conversion, and in 
order to decrease the interconnection to 1/a, a circuit responding within a period that is shorter by 1/a is 
required. Assuming that W = 50 mm, n = 500, w = 20 mm, = 10^ 0 , d = 10 // m, frame frequency 50 
Hz, and a - 10, C,,.=0.0SpF, C N/ =C^= 8pF, and a required switching time is about 4 msec. Even in the 
case where there is no parasitic capacitance C x/ , R oll < 8 x 10' Q . Since there is parasitic capacitance, R, )tl < 
5 x IO'Q is required, (n view of variations in production, further margin should be considered. In the case 
of using a thin film element made of'CdSE, a~Si, Poly-Si, or the like as a switching element on a display panel, 
carrier mobility in a thin film semiconductor is low, so that it is very difficult to decrease R tin . It may be 
possible to prescribe R,. n to be 10' Q; however, it is difficult to prescribe it to be lO^Q. As described above, 
due to the presence of parasitic capacitance, it is very difficult to form a peripheral circuit on a display panel. 

According to the present invention, a voltage vertical to a panel flat surface is not applied to liquid 
crystal display elements through electrodes (reference electrode and display electrodes) disposed so as to 
interpose a liquid crystal layer therebetween as in a conventional method. According to the present 
invention, a voltage is applied to at least two kinds of electrodes disposed on a substrate on which switching 
elements are provided, whereby a voltage containing a component in a direction parallel to a panel flat 
surface is applied to liquid crystal display elements in regions where the electrodes are disposed. FIG. 6 is a 

I 

diagram illustrating the present invention, corresponding to the conventional example shown in FIG. 5. In 
the conventional example, the display electrodes .A connected to the switching elements S are present on the 
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same substrate 2 as th.it of the switching elements, the reference electrode 7. having a (unction of applying a 
voltage to the licjuid crystal display elements LC together with the display electrodes are formed on the other 
substrate 2, and a voltage is applied to the liquid crystal display elements LC in a direction vertical to a 
panel Mat surface, as represented by a broken line in the figure. According to the present invention in FIG. 
6, electrodes Z* having a function of the reference electrode are also formed on the same substrate as that of 
the switching elements, and a voltage applied across the display electrodes A and the electrodes Z* contains 
a component parallel to the panel flat surface, as represented by a broken line in the figure. The electrodes 
7* may function as the reference electrode Z, or the row electrodes Y or column electrodes X may also 
function as the reference electrode (described later). In this manner, according to the present invention, it 
is not required to provide an electrode on the substrate 1, and parasitic capacitance C v and Q. v/ can be 
substantially reduced, which is a problem in the conventional switching element built-in method, whereby 
problems regarding power consumption and a switching speed can be solved. The present invention is also 
advantageous in terms of production of a display panel, in that electrical connection and alignment between 
upper and lower substrates are not required. Hereinafter, the present invention will be described by way of 
examples. 

FIG. 7 is a diagram illustrating a device arrangement in one unit element according to one example 
of the present invention. This corresponds to the conventional example in FIG. 4. In the conventional 
example, the display electrode A u ts formed over the entire surface of the liquid crystal display clement. In 
the present example, as shown in the figure, a display electrode is patterned into a comb shape. On the 
other hand, in the conventional example, the reference electrode Z is formed on the other substrate, whereas 
according to the present invention, the reference electrodes Z are formed on the same substrate as that of 
the display electrode A (J and patterned into a comb shape interlocked with the display electrode A,,. A 
voltage can be effectively applied to a liquid crystal display element by patterning the display electrode into a 
comb shape as in the present example. FIG. 8 is a block diagram of a display apparatus using the display 
panel of the present example. The difference between the display apparatus in FIG. 8 and the conventional 
example in FIG. 3 lies in that the reference electrodes Z are formed on the substrate 2. In the arrangement 
of the present example, the parasitic capacitance t\ z and C\-- can be substantially decreased, whereby power 
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consumption and a switching element can be substantially enhanced. 

FIG. 9 shows a variation of the example in FIG. 7, in which display elements are disposed on both 
sides of the reference electrode Z. In the present example, an electrode pattern is simplified. 

In the examples shown in FIGS. 7 and 9, the reference electrodes Z are disposed so as to be par.il lei 
to the column electrodes X; however, in the examples shown in FIGS. 10 and 11, the reference electrodes Z 
are disposed so as to be parallel to the row electrodes Y. In the example in FIG. 7, the column electrodes X 
are 1 adjacent to the reference electrodes Z; therefore, although much smaller than that in the conventional 
example, there is some C\ , and C\ is very small. On the other hand, in the example in FIG. 10, there is 
some C— , and C\ x is very small. Since the number of switching is much smaller in a scanning signal than in a 
display signal, it is more advantageous that C x/ is small. The arrangement in FIG. 10 is excellent. 

FIG. 1 1 shows a variation of the example in FIG. 10, characterized in that display elements are 
disposed on both sides of the reference electrode Z. In the present example, an electrode pattern is 
simplified. 

In the examples in FIGS. 7 to 11, the reference electr odes Z are used. According to the present 
invention, the row electrodes Y or- the column electrodes X are allowed to have a function of the reference 
electrode, without using the reference electrodes Z. FIG. 12 shows an example, in which a voltage applied 
to a liquid crystal display element is supplied by the display electrode Aj and a next adjacent row electrode 
Y r ,. It is assumed that a selection potential of a scanning signal applied to the row electrode is Y nN , and a 
non-selection potential is V iifr . If a potential Y 0IT +V is supplied to a column electrode as a display signal while 
the row electrode Y } is selected and the switching element S (J is conducting, the potential of the display 
electrode also becomes V.^V. At this time, the row electrode Y r , is not selected, and a potential V <>|; is 
applied thereto. Therefore, a voltage (V, r / V)-Y otr =V is applied to capacitance C, ( . of the liquid crystal 
display element LC, and charge C,, Y=Q, is accumulated in the display electrode A. r Then, when the row 
electrode Y )M is selected, and Y on is applied to Y rl , the switching clement S u is brought out of conduction. 
Therefore, Q it is not varied, the potential of A (J becomes V lir -V\ and the voltage Y between A (j and Y r , is held. 
When neither Yjtior Y rl is selected, Y.. ; has a potential \ A,, has a potential V, v /V, and the voltage V is 
held. As described above, if the characteristics of the switching elements are satisfactory even in the case 
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of a voltage of about V„ n ~Vi the row electrodes Y are allowed to have a function of the conventional 
reference electrode 7. as in the present example. In the present example*, an ar rangement of electrodes is 
very simplified, and a use efficiency of a display area is high. Furthermore, the present example is excellent 
in productivity, power consumption, and structures of driving circuits. 

In FIG. 12, the adjacent row electrode Y r , is allowed to have a function of the reference electrode. 
} lowevcr, \\ may have the function. 

FIG. 13 shows an example in which the column electrode X is allowed to have a function of the 
reference electrode. In this case, a differential voltage of a display signal applied to X, and X., by a scanning 
signal is applied to a liquid crystal display clement LC , and held therein. In the present example, although 
the processing of a display signal becomes slightly complicated, the structure on a display panel is simplified. 

A block diagram of a display apparatus using a display panel adopting a method for applying a voltage 
to a liquid crystal display clement by the row and column electrodes Y and X and the display electrodes A as 
shown in FIGS. 12 and 13 corresponds to FIG. 8 excluding the reference electrode Z and its driving portion. 

The display electrodes A and the electrodes Z* (reference electrode Z, row electrode Y, column 
electrode X) functioning as the reference electrode in each example described with reference to FIGS. 7 to 
13 may be nontransparcnt electrodes made of metal or the like, or transparent electrodes made of ln-.O,: Sn, 
SnOo or the like. An interlocked portion of the comb-shaped electrodes corresponds to a display portion, 
so that at least this portion is preferably made of a transparent electrode. However, if an electrode width is 
sufficiently made small by using a tine etching technique, a metal electrode can also be used. In this portion, 
slight disconnection is allowed if it is not conspicuous, so that a fine pattern of about I jjl m can be used. A 
process of forming a comb-shaped electrode may be conducted in the same step as that of the other 
electrodes (interconnection of the row electrodes Y, the column electrodes X, the reference electrode Z, the 
display electrodes A, and the like), or may be conducted separately. Each electrode may be connected by 
utilizing a through-hole or the like. 

A display operation mode of liquid crystal used in the present invention may he a voltage-effect 
twisted nematic (TN) mode, a guest-host (GH) mode, an electric field control birefringence (ECB) mode, or 
the like. The operation mode may also be a current-effect dynamic scattering (DS) mode or the like. In 
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any mode, display can bo conducted by applying a voltage parallel to a panel flat surface with a comb-shaped 
electrode or the like. 

More specifically, when the surface of a panel substrate, on which comb-shaped electrodes are 
provided, is subjected to alignment treatment in a direction parallel to the comb-shaped electrodes, and 
nematie liquid crystal exhibiting positive dielectric anisotropy is brought into contact with the substrate 
surface, liquid crystal molecules are aligned in a direction parallel to the comb-shaped electrodes. When a 
voltage is applied between the comb-shaped electrodes interlocked with each other, liquid crystal molecules 
are aligned in an electric field direction by an electric field orthogonal to the comb-shaped electrodes. Thus, 
liquid crystal molecules can be rotated by 90° in the surface of the panel substrate. 

Thus, a nematie liquid crystal layer is converted from homogeneous alignment to 90° twisted 
alignment, and vice versa. 

When such a liquid crystal panel is disposed between a pair of polarizing plates, a TN mode display 
panel cam be obtained. When a dichromatic dye is added to a liquid crystal layer, and the resultant liquid 
crystal panel is combined with a polarizing plate, a GH mode display panel is obtained. 

Furthermore, the surfaces of a pair of panel substrates are subjected to homeotropic alignment 
treatment to form a liquid crystal layer in homeotropic alignment in the absence of a voltage, and a voltage is 
applied thereto via comb-shaped electrodes, liquid crystal molecules in the vicinity of the electrodes are 
aligned in parallel to the surface of the panel substrate, and the thickness of the liquid crystal layer aligned in 
a parallel direction is varied by the size of a voltage. Thus, the degree of birefringence can be controlled 
with a voltage, and if combined with a polarizing plate, an ECB mode display panel can be obtained. 

Furthermore, if 'umic material is added to a liquid crystal layer, and a voltage is applied thereto, it is 
apparent that the resultant device can be used in a current-effect dynamic scattering (DS) mode. 

In the examples, a transistor is used as a switching element; however, another switching element 
such as a diode and a varistor may be used. Furthermore, a switching element may be a thin film element or 
a bulk element . 

As described above, according to the present invention, a display panel of a switching element 
built-in type can be realized, in which parasitic capacitance can be substantially reduced, power consumption, 
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a switching speed, and the like 1 are improved, and productivity is excellent. The present invention is 
particularly effective as a display pant 1 ! for an electronic clock or the like, which has a high display density 
and requires low power consumption. 

Brief Description of the Drawings 

FIG. 1 is a diagram illustrating a liquid crystal display panel of a conventional switching element 
built-in type; FIG. 2 is an equivalent circuit diagram of a display panel; FIG. 3 is a block diagram of* a display 
apparatus including a display panel; FIG. 4 is a diagram illustrating a device arrangement in one unit element 
on a display panel; FIGS. 5 and 6 are cross-sectional views of display panels, illustrating the conventional 
example and the present invention; FIGS. 7 , 9—1 3 are diagrams illustrating a device arrangement in one unit 
element on a display panel in each example of the present invention; FIG. 8 is a block diagram of a display 
apparatus using a display panel of the present invention. 

1, 2... panel substrate, 3... liquid crystal layer, 6... row electrode driving circuit, 7... column electrode 
driving circuit, X, X,-X ~X n .. .column electrode, Y, Y,-Y-Y m ...row electrode, S, S, r .. switching element, A, 
A r .. display electrode, L, L r .. liquid crystal display element, /...reference electrode. 
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L> Cyztii^'ii.^ — 1 0 B<t>«-iN*ii*K: 
*1 1 Stiffs t 0Ho>»ftM<oX^-r«9X^ 
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tit*. *ftw-cummm&zzm<.^ nmmY 
i= emu 2f n *> «flEt±*^ffl**Au t 

ft«&£Vofffc-r*. f7*«Yj*<aS«3*i.x4 

«eYj + . *> ►) W& Voff ^B13B 3 tlT 

ttJUfe*9HRLC«>SSCIc<;:tl (Voff 
+ V)-Voff=VO>«EE^EniJDc!?n, ac.V=Qlc 

*Yi + i**a9?c?nYj + ilciVon**B]JDDC?n^^ * 
-f -v^vy^Sijci^ifra-efci^Qlctt^g 
Aij<0*{4ji % Von+V fc * *) Aijfc Yj*. 

wJWrar-«Y, + ,tiVoff<oS8{4, AijttVoff+V<75 
tttt*&9, *EEV«t##3*l£„ JfiLhOOto < * 
* *J + > ^3R-T^«Ftt**Von+ VgfiSO>Sff -C t> 

A#r*nwr» *«win<fTm*Yt3tie3i6(?>»¥ 

*ttZ<7>#3M£3l»a3#53W«rie*C*£. 
i*k 3&1 2ElT-<iW«frig«Yi,,K*««<7> 

-CXi i: X, +1 KB1JDP 3 *lfc3?*{M**<7>^*ffi;&<?fc 

tfAcj; *)tta*^ff*»c«ffi*Bim-r*^* 
7-i3 m-cstm l tz&mmwzn^ 
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z«(i*siz, ft**Ys &n»x) a&as 

0>*&W&m-Ci» IruO, : SrK SnO,*0>&9§« 

-f-fl-C**. C0>«M*Mtar ; F«>«*ttS£fc'5rtf- 

jo tkomm mmmY, nmmx, mmwmzvm 

15 #5!<*> y-f^ff K-^vf-'y? (TN) * — 
K„ h • ** h (GH) K> m*«iftgc 

IStfr CECB) K^TfcJ: <3£, *Sttj»*S 

IE<Z>SimJ*;£te* L*t*vf*; ?«»*«»3 

d 0> «k -5 * * $ -**05ffl:>fc«0>RflK:« 

*-rni/> TN*- Y9>$k»'***tm ^>n> «t 

El6]»« tit L r «EE*BliBt*SS-r* ^ * h a tT 

JiJ-T 4jtta»C0jp 3 ««ffi<DA# 3 «c J: »3 S^. 6 
ni, L^^oTaBJ»rO>^:t3*«£E»c:J:«3W 
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Bitwrn-rnn, (ds) 
3t 1 Kl 



m3Htt*^<*n.££fr^&H<Z>y 
9-1 3Btt*ffe^w#||&tHK#vt£S^<* 

^±<7>-*tes^w*^E«<osaB^Bi, m 9 at* 

1, 2 3 6 

tf«M»)lE]*&, 7 ?iJSft««jl5]8S> X, 

X~Xi~Xn ?Uie«x Y, Yi~Yj~Ym 

fr«a, S, SU x-f yf-v^3R^ A, Aij 

m&mmm* l, lu z 
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